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Abstract
Human survival requires that we drink water, eat food, breath sufficiently oxygenated air, and enjoy a safe shelter.
Historically, shelter was perhaps the most important since, as hunter-gathers, wild animals, fish, and uncultivated plants
provided the food sources while rivers, streams, lakes, and surface pools supplied the drinking water. Shelter protected
against the vagaries of weather, climate, and possible animal attacks, including other humans. In the provision of these
needs, artisans, skilled trades, technicians, and engineers have played pivotal roles since erect human beings first
populated the Earth. In a global survey seven out of ten people think engineers’ societal contributions are undervalued
and largely unrecognized. However, the same people also believe engineering’s first priority is to solve the world’s
problems by 2035, including improving renewable energy and healthcare, and they are equally expectant that as the
global population continues to increase, water, food, and housing scarcities can be addressed by engineering. These
challenging responsibilities, long familiar to engineering undertakings, invariably encountered political, cultural,
geographical, and economic obstacles in the pursuit of providing societies with acceptable, sustainable, and affordable
solutions. In this paper, the challenges faced, both in the past and now, by engineering with regard to improving drinking
water quality, increasing food quantity and quantity, and providing adequate housing are discussed along with some
observations on how and why some of the present obstacles may be exacerbated in the future.

1. Introduction
Today’s engineering communities encompass a wide-range of skill-sets from craft workers to registered professional
engineers. The licensing of engineers and technologists is relatively new, but the basic skills have long been inherited
or learned attributes of certain humans since the pre-history era. Thus, in this paper, when the terms engineer or
engineering are used, they represent all members and facets of the engineering community. The human need to access
water, food, and shelter was always present, and when not guaranteed, survival for any length of time is impossible.
Consequently, although it has taken many millennia, access to water, food, and shelter are recognized as Human Rights
by the United Nations (UN) and its member states explicitly, in the case of water, whereas food and shelter are dealt
with in the 1948 UN Charter of Human Rights, article 25 [1] [2] [3] [4]. However, when and if human needs are
recognized by nations, making commitments to take responsibility for ensuring that these rights are available to all
people are not always inevitable. Even if politically promised commitments are made, how is the accountability for,
and the success of, subsequent actions measured? An egregious lack of commitment or insufficient accomplishment
by an elected government may result in some form of regime change, although these seem rare occurrences and, in
any case, do not ensure compliance with UN resolutions. How then can universal human rights be made enforceable
and by whom?
The UN is the closest globally recognized body that we have to World Governance, but it is only individual
nations that can legally enforce, or at least attempt to, such human right recognitions, and these can be different from
commitments which in turn can be different from successful or, at least, adequate action. Nevertheless, in this
millennium, maybe because of rapidly rising populations in the last two centuries, increasing concerns about
anthropogenic climate change, and geopolitical desires to be the best, there has been an almost universal global
movement to define 17 Sustainable Development Goals† (SDGs) which, although not defined as human rights, do
address issues such as access to clean water, food insecurity, and inadequate housing [5]. For each SDG, a goal is
defined together with targets for meeting the goal and indicators which assess the progress towards the achievement
of the particular target and consequently the overall SDG. The individual goals are ambitious, bold, and arguably
utopian, but the timeline associated with the attainment of SDGs, i.e., 2030, eight years from now, is patently
unattainable for the majority of countries [6]. Nonetheless, the overall combined aim of the SDGs which is to “End
Poverty in all its forms everywhere” has no explicit national detractors [7]. Is it then just the timeframe for success
which is the challenge?
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1.1 What are the challenges?
In the UN’s “Transforming our world: the 2030 Agenda for Sustainable Development‡” and other associated
documentation, the individual SDGs are identified and defined with benchmarks provided by specific targets and
measured indicators, all of which were unanimously adopted by 193 member states in 2015 [8], [9]. The number of
targets and indicators, national and international, for the SDGs dealing with food, clean water, and housing (numbers
2, 6, and 11 respectively) are summarized in Table 1.
Table 1. Targets and Indicators for SDGs 2, 6 and 11 [10].
SDG Number
2 - Food
6 - Water
11 - Housing

Number of Targets
National
International
5
3
6
2
7
3

Number of Indicators
National
International
10
4
9
2
12
4

Some of the national targets and indicators of these SDGs are arguably more pertinent to engineering involvement
than others and, coincidentally, could also provide a framework for assessing past performance and technological
developments and achievements. Nonetheless, in this and future eras of sustainable development, engineering
achievements will, to a large extent, be gauged by the current SDG indicators. A complete list of goals, targets, and
indicators, particularly for water, food and shelter is given in the reference [10] but exemplars are provided in Table
2.
Table 2. Exemplars of pertinent Food, Water and Shelter targets and indicators.
SDG Number & Goal

Targets, By 2030

Goal 2. End hunger, achieve food
security and improved nutrition, and
promote sustainable agriculture

Target 2.3: “double the agricultural
productivity and incomes of smallscale food producers, in particular
women, Indigenous peoples, family
farmers, pastoralists and fishers,
(etc.)”

Goal 6. Ensure availability and
sustainable management of water
and sanitation for all

Target 2.4: “ensure sustainable
food production systems and
implement resilient agricultural
practices that increase productivity
and production, that help maintain
ecosystems (etc.)”

Indicator 2.4.1: Proportion of
agricultural area under productive
and sustainable agriculture

Target 6.2: “achieve access to
adequate and equitable sanitation
and hygiene for all and end open
defecation, (etc.)”

Indicator 6.2.1: Proportion of
population using (a) safely
managed sanitation services and (b)
a hand-washing facility with soap
and water
Indicator 6.3.1: Proportion of
domestic and industrial wastewater
flows safely treated

Target 6.3: “improve water quality
by reducing pollution, eliminating
dumping, and minimizing release of
hazardous chemicals and materials,
(etc.)”

‡

Indicators
Indicator 2.3.1: Volume of
production per labour unit by
classes of farming/pastoral/forestry
enterprise size

Frequently referred to as Agenda 2030 in this paper.

SDG Number & Goal
Goal 11. Make cities and human
settlements inclusive, safe, resilient,
and sustainable

Targets, By 2030
Target 11.1: “ensure access for all
to adequate, safe, and affordable
housing and basic services and
upgrade slums, (etc.)”.
Target 11.2: “provide access to
safe, affordable, accessible, and
sustainable transport systems for
all, improving road safety, notably
by expanding public transport,
(etc.)”.

Indicators
Indicator 11.1.1: Proportion of
urban population living in slums,
informal settlements, or inadequate
housing
Indicator 11.2.1: Proportion of
population that has convenient
access to public transport, by sex,
age and persons with disabilities

In addition to these types of indicators, for almost 2 decades, and in some instances longer, an expanding suite of
mathematically defined Indexes have been developed and used locally, nationally, and internationally to determine
the relative states of air quality, water quality, flood risks, hunger, and so on. Not too surprisingly then, an index has
been developed, the SDG index, for measuring a country's total progress towards achieving all 17 SDGs, a score of
100 indicating that all the goals have been met [11]. It is worth noting that, while no country has achieved such a
perfect index value, the Scandinavian nations, Finland and Sweden, in 2021, were assessed with rankings of over
85; the United States score was 76; India was 60, just below the global average; and 11 of the countries of SubSaharan Africa were below 50 [11]. All countries then have much to do to fulfill the SDG requirements by 2030,
some far more than others. However, global progress was being made up to 2019, Fig.1, but the onset of the COVID
pandemic has adversely affected this progress. Nevertheless, the SDG indicators and the numerous indexes provide
very useful measures of the current and future political, economic, and engineering challenges to be solved against
a background of an increasing global population.

Figure 1. Changes in the SDG Index 2015-2020 [11].
In parallel with the SDG agenda, the global environmental treaty, known as the Paris Agreement, has also
committed member states to act on anthropogenic climate change with the objective that global land and ocean surface
temperatures must be restricted to no more than 2.00C, preferably 1.50C, by the end of this century, compared with, a
somewhat ambivalent point of reference called, the pre-industrial era [12] [13]. To achieve this objective several
mitigation and adaptation strategies have been proposed but nearly all have an underlying rationale of a rapid energy
transition to renewable and sustainable energy sources and the complete elimination of carbonaceous fuels, except for
biomass, set against a continuing, almost universal, aversion to the use of nuclear energy. The approaches embedded
in this Agreement create a number of quandaries for engineering. For example, while biomass is acceptable, even
encouraged, for use as a renewable energy source for electrical power generation, its use as an unclean cooking and
domestic heating fuel, along with dung and charcoal, by 41% of the global population results in millions of premature
deaths annually [14]. So, should engineers focus on the design and manufacture of affordable clean biomass cookers

and heaters or on other energy sources for producing power? Similarly, if more housing, especially high-rise, is to be
constructed then it seems obvious that more concrete, the most common human-made material on Earth, will need to
be produced. But a key ingredient of concrete is cement and its manufacture emits 8% of the global anthropogenic
carbon dioxide, more the any individual country, except China and the United States [15] [16].
The engineering achievements in terms of providing clean water, adequate food, and shelter in this era of
sustainable development will, to a large extent, be gauged by the SDG indicators. The aforementioned indexes will
largely be used to inform the public about current and short-term future conditions in their areas. The main exception
being the pronouncements of the World Health Organization (WHO) regularly refining their annual guidelines on the
value of the various indexes to be used for indicating, for example, that drinking water quality can be considered good
[17]. However, long before what may be described as the Age of Indicators and Indexes, water, food, and shelter were
provided largely through the prowess of engineers. So why are all these indicators and indexes required and why their
development, especially in this century? The answer appears to be rapid population growth, especially since 1760 CE
which is usually credited as being the start of the 1st Industrial Revolution, Fig. 2 [18] [19] [20]. There are now more
than 12 people on Earth for each one living in 1760 CE§ and almost 5 times more than in 1900 CE.

Figure 2. Rapid Changes in Global Population 1700-2022 [19] [20]
1.2 Shelter as an exemplar
An example of the implications of these extraordinary population rises can be measured by the fact that based
on the global average size of a household in 2020, i.e., 4.9, for this present year 2022, 1.6 billion units will be needed
to house the global population whereas in 1760, on the same basis, the population could have been housed in
approximately 167 million units [21]. But, it is worth noting that, while Engineers are responsible for building houses,
they are not the main source of finance for the construction, and invariably there are limitations on the budgets
provided to the constructors and it is the investors, governments, and private sector who specify the desired number
of housing units to be delivered at an agreed cost. But to what standards should the units be built? Modern building
codes, national to local, are focused on the safety of the occupants and hence deal mainly with the physical construction
of the home. These regulations ensure a minimum design and build requirement to protect the inhabitants or, as one
recent publication stated, the codes define, “the worst you can build a building by law” [22]. However, over
approximately the past 3 decades, building performance measures, such as energy use intensity and emissions from
on-site energy production, have been increasingly appearing in the codes, especially for new construction and retrofits
(e.g., [23]). The advent of the Paris Agreement and Agenda 2030 have now placed further sets of new measures on
building performance as exemplified by the SDG 11 indicators shown in Table 2.
Shelter has been used as an example of the changing nature of the challenges facing engineering but, in a similar
manner, the changing requirements, e.g., SDGs, and increasing global awareness for the need to provide access to
clean drinking water and the supply of adequate food have added to engineering’s challenges to deliver solutions and
at costs affordable to all. These pronouncements, associated with the societal values of this new millennium, will need
different approaches from those of the past. Yet many of the technologies that are likely to be used have already been
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invented and developed through the gradual improvement, or tweaking, of the systems to eventually become not only
feasible but also competitive commercial products.
A particularly modern example of tweaking is the Solar PV panel. The photovoltaic effect was discovered in
1839 but it would be another 4 decades before the first working PV cell was produced [24]. In the late 19th century the
energy conversion efficiency from solar energy input to electrical energy output was less than 2% while today they
can be 20% efficient and more [24]. Even more dramatic has been the increasingly attractive costs per unit power
which, in 1976, were $106 US$ per Watt but, by 2019, fell to 0.38 US$/W [25]. Similarly, the principle of reverse
osmosis, could play an ever-increasing role in the production of affordable drinking water. It was discovered almost
a century before the photovoltaic effect but was only demonstrated in the mid-20th century to be technically feasible
for generating clean water from untreated water, especially with a high salt content [26] [27]. Inventions of the past
may become the innovations of tomorrow.
In the remainder of this necessarily short conference paper an effort has been made to present the recent
engineering achievements and future challenges associated with fulfilling the human needs for shelter, food, and water,
against a background of past developments. However, the author’s intention is to present a more thorough overview
of these topics in the form of a subsequent book chapter.

2. Shelter
As far as it is known, early humans were hunter-gatherers and sought to kill their prey at increasingly safer distances
so as to physically protect themselves and, likewise, to provide a defense against possible aggression from other human
groups. They also needed protection from the vagaries of weather as well as attacks by predatory animal. The hours
of darkness were likely the most hazardous but natural shelters, such as caves, where available, and would probably
be their first choice. However, there is archaeological evidence that humans also learned to use large animal skins and
sometimes bones to construct temporary nomadic shelters [28]. These early shelters were further enhanced when the
ability to intentionally make and control fire was acquired [29]. Once farming and animal domestication was
established in the lucky latitudes of the Fertile Crescent, modern day Iraq, Syria, and Jordan, many humans no longer
had to live a nomadic life. The surplus food they produced could support the employment of artisans, the early
engineers, to construct increasingly larger settlements of permanent shelters using a variety of materials such as wood,
mud, stone, and concrete-like structures with rudimentary forms of cement [30] [31].
The next big step resulted from the Greek discovery of using lime in the creation of concrete, but it would be
the Romans who perfected the process and far improved its use in building construction, including the use of a cementbased mortar to hold other natural materials together [31]. After these early advances, it would be almost 2 millennia
before significant constructional improvements were made possible with the advent of reinforced concrete in the 19 th
century which was patented in 1854 by the British concrete manufacturer W. B. Wilkinson after a number of earlier
attempts to combine concrete and iron [32]. By 2010, the world’s tallest building, at 830 m, the Burj Khalifa Tower
was constructed in Dubai, UAE using over 60,000 tons of reinforced concrete and rebar [31]. Concrete is not the only
building material. Today a wide variety of materials are used in building constructions, frequently in combinations
but also independently, such as mud and clay, timber, cement, steel and other metals, stone, plastics, and more, yet
the most common remains cement, with consumption expected to reach 4.4 billion tons in 2021 [33]. Technical skills
have come along way since mammoth skins and bones were used to provide shelter.
The choice of constructional material will depend on a myriad of factors, such as availability, cost, ease of
construction, weather and climate resilience, structural strength, durability, non-toxic, and so on. The finished product
should, at least, be safe, have access to water and sanitation services, and provide sufficient living space, all at an
affordable price [34] [35]. There are many demands on building constructors. But surely not all houses are freshly
constructed? Maybe not, but in 2021 alone, the new house starts in the United States, the world’s richest country with
a modestly increasing population, were 1.6 million, but demand for homes continued to exceed supply and it has been
estimated that the U.S. housing market is short of 5 million units [36] [37]. Indeed, globally, by the end of this century,
over 2 billion units could be required, many of which will be new builds [38]. Intuitively, the main driver of housing
shortages is a combination of population increases and the inability to build more units in a timely manner, but the
situation is far more complex. Nevertheless, even if there were a sufficient number of housing units many would
remain vacant because the prospective owners/renters cannot afford them.
Housing affordability has become a major political issue in many jurisdictions [39] [40] [41]. Traditionally,
affordability has been gauged by comparing house prices with incomes but there is now growing recognition that it is
a more challenging concept than mere economics involving additional criteria such as cultural identity and occupant
happiness [35]. Thus, the concept of affordability has been expanded. While a consumer may be able to buy a house,
according to the SDG criteria, they could be living in inadequate housing, defined as, “if its cost threatens or

compromises the occupants’ enjoyment of other human rights” [35]. Consequently, all those professions involved in
providing housing and their services, i.e., architects, construction engineers, and municipal authorities, have an everincreasing list of shelter criteria checkboxes to satisfy. When these criteria are not met the housing, new or old, is
considered to be inadequate and may also be defined as slums or informal settlements.**
Along with the affordability focus, greater attention has also been given to society’s homeless, albeit in the
absence of a universally accepted definition of homelessness. Moreover, the term shelter is now being used, especially
in the United States, as part of the terminology describing their measures of homelessness, as in sheltered
homelessness and unsheltered homelessness [42]. The difference being that sheltered homeless spend the night in
emergency shelters or temporary housing, whereas unsheltered homeless people sleep on the streets, in vehicles, in
deserted or discarded buildings, or in any place not meant for habitation [42]. In the United States, in their Government
produced Annual Homeless Assessment Reports (AHAR), the number of people considered homeless were counted
for annually, using (a) a methodology called Point-in-Time (PIT) for both sheltered and unsheltered individuals based
on data from a single date in the year as specified Federally, and (b) a Homeless Management Information System
(HMIS) estimating the number of people experiencing sheltered homelessness over a one-year period [43].
In 2018, the HMIS technique was upgraded and changed to a Longitudinal Systems Analysis (LSA) data
collection platform so that any individual experiencing homeless at “some time during in the year” is now counted by
collecting “information on people and households served by the local homeless services system over the course of one
year” [44]. Although very similar to the HMIS technique, the LSA approach is claimed to be more meticulous.
However, because of initial data acquisition quality control issues the US Department of Housing and Urban
Development (HUD) cautioned that when comparing the LSA counts with the former HMIS data there could be
inconsistencies. Unfortunately, because of the COVID pandemic the LSA counts have not been recorded in the 20202022 AHARs, as is the case for the most recent PIT data. Notwithstanding these difficulties, for several years the PIT
data showed that homelessness was decreasing but, by 2014-2015, the level started to increase and by 2020 rose to
580,000, as shown in Fig. 3, but the application of the new LSA system in 2018 indicated that the overall homelessness
level at 1.44 million was actually much higher than the PIT levels and in harmony with historic HMIS levels [45].

Figure 3. PIT Homeless Levels in the United States: Data extracted from AHARs (e.g., [45]).
The inclusion of the new definition appears to indicate that the scale of homelessness, at least in the world’s
largest economy, continues to be underestimated. This is likely to be the case globally since few countries even attempt
to measure or acknowledge homelessness and the methodologies of those that do are not as rigorous as the revamped
US system. The lack of data is also an issue when trying to determine the global scale of slums, informal settlements,
and inadequate housing. Hopefully, the Agenda 2030 indicator initiatives will help address these problems.
Nevertheless, in the absence of firm data, it is still apparent that more housing is needed now and in the future. But
what type of residential building is required? Urbanization is likely to play an increasingly key role in housing choice,
as more people move from rural areas to urban cities and the availability of city building land becomes stressed. It is
estimated that by 2050 over 68% of the global population will live in an urban area, compared with 54% just 5 years
ago, continuing the trend since 1850, Fig. 4 [46]. It can be anticipated that, almost certainly, many more vertical multistorey residences will need to be built providing new challenges for the engineering community.
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Figure 4. Increases in Urbanization 1500 CE to 2500 CE [46].
3.

Food

Food is essential for human survival. Famines, caused largely by crop failures, conflicts, and poverty have resulted in
starvation, i.e., “a severe lack of food for a prolonged period” and numerous deaths (e.g., [47] [48]). Exactly how long
a prolonged period is and what length of time a human can go without any food is not clear. Limited †† studies have
suggested that in the absence of food, death can occur anywhere between 21 and 73 days after the last meal (e.g.,
[49]). Between 2010 and 2016 255,000 people died from famine, the lowest total for over 150 years, but 700, and
maybe as many as 800, million were considered hungry and undernourished. Does this mean that the global production
of food is insufficient? [48] [50] [51]. The answer is no. What then is the explanation for one of the key SDGs of
Agenda 2030 being to achieve zero global hunger by 2030? In this case the answer is far from simple but poverty,
generated by a number of factors, is at the core of the issue, as described by the United States Department of
Agriculture as being, “a household-level economic and social condition of limited or uncertain access to adequate
food” [52]. The precise roles engineering plays, or can play, in this scenario requires much more investigation and
discussion than is possible in this condensed paper, but this reference [53] perhaps provides a good starting point.
Nevertheless, for at least 8 millennia, engineering was a major factor in the development of agriculture and agricultural
equipment and machinery, from the forked sticks ploughs of Sumerian farmers in the fertile crescent of approximately
5,500 BCE to the advent of steam-power in the mid-19th century CE, to the increasing modern-day use of satellites
for managing crops, livestock, and controlling machinery [54] [55]. Unfortunately, these centuries of technological
developments are not yet providing the solutions to the global hunger problems, but what are these problems?
In 2006, following several years of academic investigations and a seminal book by a Nobel prize winner, a
combined US-German-Irish agency group developed the now widely used Global Hunger Index (GHI) [56] [57]. This
index is a formulaic measure of hunger at the international, regional, and national levels and the annual GHI reports
enable the global tracking of hunger. The determination of the GHI requires data on undernourishment plus
information of 3 other indictors associated with particular medical information on young children such that a single
indictor which now reflects SDG targets 2.1.1, 2.2.1, and 2.2.2. The resulting calculation yields a value for GHI of
between 100 (the highest) and 0 (the lowest). Countries with scores of 10 or below are considered to have low hunger
levels, those with values of 50 or more are labelled as having extremely alarming levels of hunger. In 2021, the global
GHI was 17.9 meaning moderate hunger was prevalent worldwide but 10 countries were experiencing alarming or
extremely alarming hunger levels, mainly in Sub-Saharan Africa [58]. Thus, to a large extent the regions or nations
suffering from hunger are known but the GHI does not identify exactly where, in local terms, and by whom the hunger
is being experienced. Moreover, it would be very useful when seeking solutions, to learn of the approaches being
taken by those trying to combat hunger. Can these people be identified and then asked about their experiences
attempting to manage the situation? The answer is yes, using a method called the Food Insecurity Experience Scale
(FIES) developed almost in parallel with the hunger index.
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Researchers in the 20th century acknowledged that, even in times of ample food supplies, hunger was still
experienced in some sections of society and resolved to find out why. A team from Cornell University in the United
States investigated the problem by selecting a rural area of New York State where they spoke to women about the
problem and the subsequent actions they had taken (e.g., [59]). An analysis of the feedback the team obtained indicated
that all the women had gone through similar processes for adjusting their, and their families, diet to combat the lack
of sufficient and quality food. The Cornell approach was extended to other areas of the United States and eventually
the whole nation and variants of the methodology were adopted in many other countries [60]. The findings from the
various jurisdictions were very similar and lead to the formation of the “Voice of the Hungry” program by the UN
Food and Agriculture Organization (UNFAO) [61]. From this initiative, a global FIES was developed which is based
on a survey consisting of 8-questions completed by identified individuals and households aided by a professionally
trained interviewer. A typical question, Q6, asks: In the past 12 months, “was there a time because of lack of money
or other resources your household ran out of food? [62]. The interviewees are given a choice of 3 answers, yes, no,
don’t know, or they can refuse to answer. The responses are analyzed using universally accepted statistical methods
applicable to self-judgement surveys. Obviously, the questions have been designed to help discover behaviours when
experiencing hunger.
Over 150 countries use FIES and to help identify those to be interviewed they use data from the Gallup® Annual
World Poll [63]. While the implementation of the methodology is somewhat involved in terms of yielding numerical
values, the results are categorized into three groupings, mild, moderate, and severe, depending on the survey questions
to which yes is the dominant answer [64]. The number of people experiencing moderate or severe food insecurity in
2017 by geographical region is shown in Fig. 5. Overall, some 2.4 billion are moderately or severely food insecure
[65].

Figure 5. Populations experiencing moderate or severe food insecurity in 2020 [65].
Thus, while sufficient food was produced in 2020 to adequately feed 7.8 billion people, almost 1 in 3 individuals
experienced food insecurity and hunger, a knock-on effect being large amounts of food waste in countries which are
food and income rich. The engineering and agricultural communities need to take cognizance of this dismal situation
in their development of solutions, while recognising that the main drivers of these food insecurity conditions are
poverty and conflict.
4.

Water

In terms of human survival, other than breathable air, access to water is the most crucial. Without water, death will
usually follow in less than a week and, as a general rule, after about three days [66]. But not all water is safe for
humans to drink regardless of the absence of any harmful contaminants and the belief than any form of freshwater is
fit for drinking is erroneous. For water to be considered fresh its salinity, i.e., the quantity of dissolved salts it contains
measured in parts per thousand (ppt), depending upon the jurisdiction, must be between 1.0 ppt to 0.5 ppt or less [67]
[68]. Although, as learned at secondary school, the total amount of water on Earth is sensibly constant, only about
0.5% is available as freshwater, albeit a further 2.5% exists mainly as ice or economically non-extractable groundwater
[69] [70]. To be considered drinkable the salinity should be lower than 0.1 ppt although some countries, e.g., Australia
suggest that water is palatable if it contains less than 0.6 ppt. These limitations further restrict the natural amount of
drinkable water available to humans and, with the growing global population, it means there is less drinking water per

capita now that ever before. However, this is different from water scarcity which describes a lack of resources to meet
demand in a given location.
It is likely that humans could have readily accessed palatable water until the advent of agriculture and larger
permanent settlements, e.g., extended villages, townships, and cities. This meant that instead of searching or foraging
for suitable water sources, a supply of water had to be available for use within the settlements. The importance of a
drinking water supply and the human repulsion to water that didn’t pass the smell-taste-sight test was soon noted by
the rulers and ruling classes as a key to community success of these early settlements. Consequently, with the start of
urbanization, drinking water supply became a major issue as long as 5-6 millennia ago and, as an increasing number
of settlements were no longer located in close proximity to a convenient freshwater source such as a river or lake,
water distribution gained importance as did methods of storing water to account for seasonal changes in precipitation.
At the same time methods of treating water and selecting preferred water sources, e.g., direct rain capture, well water
etc. were studied and invented [71]. Archaeological evidence indicates that in the Indus Valley ‡‡, and the early city
states and empires of the fertile crescent, sophisticated water supply and distribution systems were developed
demonstrating significant engineering skills, however more is known about the efforts of the Greeks and Romans from
the writings of ancient luminaries such as Aristotle and Hippocrates including one of the great architects and civil
engineers of all time, Vitruvius [72].
Today, the first steps in freshwater water treatment processes, i.e., sedimentation and filtration, by which
drinking water is produced, resemble those first used several millennia ago, albeit modern versions have been
improved by the addition of chemical coagulants to speed up the settling time during sedimentation and superior filter
materials have been developed. In some instances, forms of chemical and biological disinfectants were also proposed
and sometimes used in the ancient world as was the boiling of water before use [71] [72]. However, the use of
disinfectants only became prevalent from the 19th century when water was identified as a carrier of diseases such as
cholera and other harmful pathogens [73] [74]. It was considered by many that the source of these waterborne diseases
and other contaminants was associated with sewage and this was proved by scientific investigations which further
justified the building rules developed in this era to prevent the discharge of raw sewage and untreated effluent into
surface water sources in close proximity to the locations where water was being extracted for drinking. Obviously if
the liquid being carried in the sewage and effluent discharges receives some form of treatment prior to being released
then the whole water supply system can be improved.
There is then a need to treat water prior to drinking and the wastewater after use. Modern water treatment
plants employ enhancements to the processes used prior to the 19th and early 20th century systems in a basic 5-step
approach to make the water safe for human consumption, i.e., (a) Water Source Protection, (b) Sedimentation, (c)
Filtration, (d) Disinfection, and (e) Safe water storage [75]. The storage facilities can be large, e.g., reservoirs, clearwells, but safe small household scale storage is possible using national and international regulated containers [76]
[77]. The public perception that the primary function of the often-seen free-standing elevated water towers and rooftop
water tanks is for water storage is erroneous, they are used to provide sufficient water pressure to ensure the piped
distribution of public water supplies especially when demand is high or there are temporary disruptions in pumped
supplies. There are a number of variants of the basic treatment approaches depending on the intended end-use of the
water, e.g., domestic, agricultural, and industrial [78] [79].
Despite the long cognitive history of the need for clean drinking water, preferably accompanied by safe
sanitation, at least 2 billion people drink water contaminated with faeces and at least half-a-billion still defecate in the
open [80] [81]. This lack of access to safe drinking water and safe sanitation results in many premature deaths
especially among young children. As shown in Fig. 6, the countries most affected, in terms of the shares of their
populations whose death is attributed to unsafe water, are usually the poorer nations with the exception of India [82]
[83]. So, while poverty plays a significant role, conflict, culture, and rapid population growth are also factors. Perhaps
an index like the GHI or FIES is also required for water and sanitation to give greater insights into the actual situation
for individuals experiencing lack of access? This is not particularly an engineering issue since the basic technologies
exist which could address these problems, but the need for greater investments of money, political will, and behaviour
changing education will be paramount.

‡‡

Located in areas now associated with the borders regions of modern-day Pakistan and India

Figure 6. Exemplars of Shares of Population Deaths attributed to unsafe water 1990-2019 [82].
5.

Concluding Remarks

Archaeological, historical written and visual records, together with a myriad of current public domain literature
demonstrates the involvement of the global engineering community in providing the necessities of human life; water,
food, and shelter. These efforts are rarely applauded outside the profession but “[w]ithout engineers, we would be
living in a world that is unrecognizable to us today. We’d basically be cave people living in the wild” [84]. However,
the engineering community can never afford to be vainglorious especially while, globally, tens of millions suffer from
the lack of access to adequate housing, safe water, and a sufficient quantity and quality of food, as summarised in this
short paper. As global populations increase and human poverty persists the need to, at the very least, attempt to achieve
the engineering requirements associated with the fulfillment of the UN’s Sustainable Development Goals should
provide all the motivation necessary for the current, and future, engineering community.
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